Abstract. Aiming at the traditional Bluetooth signal test method exists the problem which can't capture the characteristics of the signal frequency with time, a system to test the RF power of Bluetooth signal based on the frequency hopping characteristic of Bluetooth signal is proposed. Test system based on Bluetooth signals in single and multiple common abrupt pulse power measurement, a comprehensive study of the transmission power and test method, this paper analyzes the ACPR, ACLR, CCDF several parameters, such as performance indexes and its impacts on the Bluetooth signal power. The results in the paper will provide theoretical basis for the systematization and automation of Bluetooth RF power control, which has a great significance to maintain the quality of communication links, reduces the overall interference of the system and improves the overall performance.
Introduction
The Bluetooth signal is essentially a digital radio frequency signal, its main characteristics are not only to occupy a certain frequency band, and the more important attribute is the time of frequency control (sometimes microseconds, sometimes a few seconds, several minutes even longer). Frequency hopping is one of the key technologies that is used in Bluetooth. Using the frequency hopping, the Bluetooth system has high enough anti-interference ability, the hardware is simple and the performance is superior. Under the condition of frequency hopping, whether frequency hopping pattern is carried out in accordance with the design of the frequency hopping pattern pseudo random jump or not will directly affect the frequency hopping anti-jamming performance of the system and the success of the whole design, so you need to test validation of frequency hopping pattern. Because the traditional test methods can't capture the Bluetooth signal frequency characteristics along with the change of time, we have to research a test method that can reflect essential features of the current signal by trigger, capture and analysis.
The article is in accordance with the Bluetooth RF technology protocol, as for the frequency hopping characteristics of the Bluetooth signal system and the RF power of the Bluetooth signal are tested. Through the test and analysis, the various performance parameters of the Bluetooth signal can be conveniently obtained, making the communication quality more reliable
Standard Summary of Bluetooth Radio Frequency

Bluetooth Radio Frequency Technology
In Bluetooth structure shown in figure 1 , the receiver uses only a down-conversion, this kind of design uses a simple local oscillator, and outputs across the frequency doubling, and switchs between a sender and a receiver. FSK allows direct VCO modulation, baseband data goes through a fixed time delay and not overshoot gaussian filter, the pulse shaping is used only in the sender, phase-locked loop (PLL) availably makes a sample and holds circuit or the phase modulator relieve phase modulation in the baseband. The frequency is usually quite high, to limit the physical size of the filter element so that the intermediate frequency is far from LO frequency to ensure sufficient mirror suppression. The antenna switch should be used if the level of the level is too high to overload the receiver.
Technology has its original purpose that is using low power consumption, low cost of wireless interface to replace the existing complex cable interface, so the Bluetooth radio frequency part don't develop the new technology, but uses the protocols and algorithms that have been mature in the technology and the market, thus Bluetooth radio frequency standard is the first introduced, including the fewest mistakes and changes. 
Bluetooth Band and Channel Arrangement
As for the wireless communication system, the radio frequency part is "the air interface of communication system", as for different manufacturers of equipment, the realization of the interaction of compatible or interoperability whose minimum requirement is the unity of the radio frequency specifications, and the communication quality is also determined by radio frequency. Bluetooth RF specification is Bluetooth radio frequency planning and channel arrangement and the performance of Bluetooth radio frequency transceiver. Specifically, to define the Bluetooth radio frequency modulation way, jumping parameters, transmit power, receiver sensitivity and so on.
Bluetooth works in the unlicensed 2. 4GHz Industrial, Scientific and Medical band. There are various wireless devices such as microwave oven and wireless LAN in the spectrum of Bluetooth. The Bluetooth uses the frequency hopping spread spectrum technology to avoid the disturbance. Bluetooth radio frequency spectrum of the lowest frequency in China is 2. 402 GHZ, the highest frequency of 2.48 GHZ frequency center frequency interval is 1 MHz, jump points are 79, and upper and lower guard bands are 3.5 MHz and 2 MHz, 79 jump frequently points should have at least 75 for pseudo random jump, in a period of 30 seconds, the using time of any one frequency point should not be more than 0.4 seconds.
Bluetooth RF Modulation Features
The binary frequency shift keying of the gaussian filter is used for Bluetooth RF (Gaussian Frequency Shift Keying, GFSK), the code element bandwidth BT=0.5, and a modulation index is between 0.28 and 0.35. The Bluetooth RF data speed is 1Mbps, the minimum frequency is not less than 115KHz, and the zero error is less than 1/8 code element period. The binary "1" is represented by positive frequency, and "0" is represented by negative frequency deviation. The symbol timing accuracy is higher than. The minimum frequency deviation of the launch sequence 1010 is not less than 80% of the launch sequence of 00001111 frequency deviation.
The Physical Channel of Bluetooth Physical Channel
The Physical Channel of Bluetooth Physical Channel is represented by a pseudo-random sequence of 79 hops. In other words, different frequency hopping sequences represent different channels, as it was shown in figure 2. The picture draw out of the three frequency hopping sequences, at different times, the three sequences correspond to different jump points, which means that they correspond to different Bluetooth FH channels. 
Time SLot
The frequency rate of the Bluetooth is 1600 times per second, and the duration time of each frequency is 1/1600= 625, which is called a time slot. The time slot is numbered according to the main equipment clock of piconet, and the cycle is 227. Data transmission is carried out between the device and the master in the same piconnet by the way of the Time Division Duplexer. As it is shown in figure 3 , the main device sends data in even time slots, and the data is sent from the device that receives the data in the odd slots immediately following. The receiving and sending start time of data packet must be in exact synchronization with the time slots. Depending on the size of the data packet, a data packet can take up one to five time slots to send and receive. The frequency of radio frequency remains constant during the time when the duplex is sent in a packet, and the frequency of radio frequency is determined by the current Bluetooth clock value for a single time slot that occupies only one time slot; The frequency of radio frequency is kept constant during the whole packet transmission during the multigap grouping of two or more time slots. See figure 4. The Bluetooth-Bluetooth device works on the ISM band, which runs on 79 channels between 2.402 GHz and 2.48 GHz. It uses a digital frequency modulation technique known as a 0.5bt gaussian shift keying (GFSK) to communicate with each other. Up 157 KHZ which means the carrier on behalf of the "1", down 157 KHZ on behalf of the "0", the rate of 1 million symbols (or bits) per second, and then use the "0.5 -3"db bandwidth of data filter is set in 500 KHZ, which can limit the radio frequency spectrum. Between the two devices by time division multiplexing (TDD) communication, the sender and receiver alternately transmit in the interval of time, the one next to another, also adopt a fast frequency hopping scheme (1600 jump/SEC), in order to increase the link reliability in the crowded band. The FCC expects that band utilization will continue to increase, so reliability is the most basic requirement.
Bluetooth Query Signal Testing
In the test of Bluetooth query signal, agilent E4411B ESA spectrum analyzer was used, and the capture frequency was 2.4GHZ, and the amplitude was 0 dBm Bluetooth signal. The Bluetooth device has been transmitting the query signal before it is formed, and the Bluetooth query signal is analyzed. In order to simulate the actual traffic volume, the preloaded data is used as the pseudo random sequence PRVBS9, as they are shown in Fig.5,6 ,7, which are taken as the screenshots of the scan at 500ms, 50ms and 5ms, respectively. Through the analysis of the spectrum are under different scanning speed, which can be seen that the Bluetooth query signal is composed of multiple different frequency components. In the case of 5ms scan time in Figure 7 , the frequency of the Bluetooth signal is constantly hopping over a certain bandwidth. Figure 8 is the time domain diagram of the Bluetooth test signal. We can see that the Bluetooth signal adopts the GFSK modulation method, which can be proved by the above images. Figure 9 shows a screenshot of channel power measurement for Bluetooth test signal, figure 8 shows the adjacent channel power (ACP) measurement of Bluetooth test signal. Adjacent channel power (ACP) measurements are also known as adjacent channel power ratios (ACPR) and adjacent channel leakage ratios (ACLR) measurements. The two vertical white lines above indicate the bandwidth limitations of the central channel being measured. Through the analysis, what can be found that the Bluetooth signal is concentrated in the fixed bandwidth, and the interference of adjacent channels is very small, so the utilization rate is very high.
Measurement of the Power Ratio of Adjacent Channels
The Measurement of Complementary Cumulative Distribution Function
Complementary cumulative distribution functions (CCDF) is generally referred to as a method for the characteristics of the peak power statistics of digital modulated signals. In the measurement, the CCDF curve represents the signal characteristics by providing information about the time used for a given power level or above signal. Its measurements will show that the percentage of time the signal is consumed in a particular power level. The three important parameters for this measurement are center frequency, measurement bandwidth (Meas BW) and measurement points. Generally speaking, the smaller the measurement bandwidth is, the more accurate the signal is, but the less repeatable is measured in this case. If you select the measurement bandwidth Settings that the analyzer cannot display, the analyzer automatically sets itself as the closest applicable bandwidth setting. Lowering the measurement points will reduce the measurement time, but points are also the factors in determining uncertainty and repeatability. When the smoothness of the display curve is seriously reduced, the measurement speed is obtained, but the repeatability is reduced and the measurement uncertainty is increased. The number of points collected per scan depends on the sampling rate and the measurement interval. The graph curve is constantly updated so that the curve becomes smoother as the measurement uncertainty decreases and the repetition increases. Therefore, the compromise takes into account various indicators, measuring the bandwidth of 5MHz and measuring the points selected 20K. As it is shown in FIG. 9 , the complementary cumulative distribution function of the Bluetooth test signal, the vertical axis is the percentage, and the horizontal axis is the power (unit is dB). The above signal is labeled Gaussian (gauss) and the color is light green. The CCDF measurements are shown as a yellow curve. So the power level of the signal is basically 0-5dB. 
Summary
Based on Bluetooth radio frequency under the agreement of the Bluetooth signal system for time domain and frequency domain, the power of the measured results are analyzed, and the us for its various performance indicators have a deeper understanding, such as Bluetooth query signals is made, a number of different frequency component on a certain amount of bandwidth is constantly jumping frequency. The Bluetooth signal is concentrated in the fixed bandwidth, and the interference of adjacent channels is small and the utilization rate is very high. According to this indicator, the quality of the Bluetooth signal can be directly judged. The above test and analysis can make the parameters of the Bluetooth signal more deeply, and provide some theoretical basis for the future systematic and automation of Bluetooth signal testing.
